The pharmaceutical compounds were analyzed in 14 sampling sites and pointed out the pollution sources related to raw sewage input and urban drainage discharge. Five medicine compounds, one illicit drug, and its metabolite were the higher measured content using analytical improvements tailored to identify and quantify organic compounds in low water content. The use of SPE cartridges followed by liquid chromatography with tandem mass spectrometry (LC-ESI-MS/MS) points out the Guavirutuba tributary as the primary water pollution source with higher concentrations in 2011 for pharmaceuticals, cocaine, and benzoylecgonine (metabolite) in the range of 6.7 ± 0.9 ng L −1 to 27.386 ± 142 ng L −1
nicipalities of São Paulo State. In many ways, the basin area can also be considered as water municipality transboundary pollution.
The background of the Guarapiranga reservoir represents a vital water source with relevant ecological and environmental role ensuring climate balance in the southern metropolitan urban area. In spite the São Paulo state Law number 12, 233 from January 2006 which defines Guarapiranga Basin as natural preserved area, historically the basin have been threatened by urban growth with the unplanned occupation, Figure 1 [4] .
The environmental legislation not included yet the emerging pollutants in spite their detection widely, mostly in related to surface, groundwater and drinking water. The official monitoring programs that address the determination of these contaminants are scarce. The regulatory agencies as EPA and European Union (EU) take some groundbreaking actions in this direction, and 1998 announced the first Drinking Water Contaminant Candidate List (CCL1) establishing a list of 50 chemicals and 10 microbial contaminants. They were a priority to regulate the information collections and decision-making regarding the establishment of strategies to minimize the drinking water contamination. An upgrade of the contaminant list CCL4 was proposed by EPA in 2015 and covered 100 chemicals as 12 microbial contaminants [5] .
The EU promotes some strategies to achieve the reduction of water pollution . The higher caffeine content detected in Billings water reservoir with 18,828 ng L −1 and in Guarapiranga was 255 ng L −1 [5] . The detection of caffeine in drinking water is related to the great resistance time in the environment with a compound with less susceptible degradation. The caffeine content is directly related to sewage input in the source of water supply. The information of the presence and behavior of emerging pollutants in water reservoir is scarce. In many cases where the detection of a high level of eutrophy, emerging pollutants, and pesticides. For pesticides, there were spatial and seasonal patterns in the analytical results. In Guarapiranga were detected three compounds showing possible risk for biota.
The Guarapiranga is an example of multi stressed urban reservoir located in the tropical region. In literature is cited a total of 31 organic compounds detected in the system: illicit drug, pesticide, pharmaceutical and endocrine disruptors.
The most contaminant found were pesticides usually in dry season, emerging pollutants and chlorophyll and an indication of Trophic State index [6] . The project also provides some monitoring results to promote and establish acceptable limits for water quality control and regulations.
The three groups of contaminants EPS, pesticides and nutrients is a result of different sources and not always correlated. No risk is observed in raw water from water catchment site in spite of pollution gradient between the lower part and the upper part of the Guarapiranga basin with no danger for water drinking use, but the carbendazim, imidacloprid, and BPA content showed risks for biota [6] .
In literature is described the challenges of the experimental work and the demanding of the analytical methodology for measure the organic pollutants in such low concentrations. The filtration was the first step of the analytical procedure for water samples followed by the concentration, extraction, and measurement using liquid chromatography-tandem mass spectrometry (LC-MS/MS) and electrospray ionization source (ESI) operated in negative and positive mode.
Many studies and monitoring results indicate the municipalities and neighborhoods within the Guarapiranga catchment with poor sewage water collection and treatment.
Less than 50% of the wastewater is collected and treated resulting in a hypereutrophic scenario. The illicit drug contamination was also measured showing high correlation with phosphate content an indication of drug use and sewage discharge.
The environmental degradation of Guarapiranga basin started before 1932, but it was considered with little environmental impact and received no further attention from the scientists, government, and users. Nerveless, after 1932 the urban pressure increases and started to pose a threat to water quality maintenance. Nowadays the unplanned urban expansion with spatial and seasonal patterns with high levels of eutrophy and emerging pollutants were detected. Additionally, the urbanization impacted the ecosystems, changing the water courses direction, deforestation, and evidence of soil exposition.
The novelty of the project was the determination of the direct relationship between water quality monitoring results and the historical economic profile of the 
Materials and Methods
The urban development in Guarapiranga basin was increasing with the industries in the northern part mostly in 30's and 40's years resulting in deforestation process, soil exposition and loss. The monitoring point near Guavirutuba tributary was essential due to its northern geographical location; the urban creek can be considered the first step of the urban expansion with water quality loss caused by sewage and urban drainage discharge. In other hand published studies indicate the sampling point near Jaceguay stream as an example of an environmentally preserved area, its higher distance from the city center apparently reduced the public pressure and the water quality loss, Figure 1 and Figure 2 . The pharmaceuticals production is essential and responsible for life quality improvement, the public health, life expand and perform a significant role in prevention, diagnostic and treatment in human and veterinary medicine. The human aging tendency also indicates the increase of pharmaceuticals production and consumption trend shortly. Published environmental studies had demonstrated the raw sewage discharge and urban drainage wastewater as the main routes and sources of pharmaceuticals input in the aquatic environment [7] [8].
About 50% to 90% of the administered medicines are excreted in their active forms or metabolized in urine and feces of domestic sewage, dispersing and persisting in significant extent into the environment. Such pollution intake meanings potential risk to the water quality, to the environment, human and animal health [9] [10]. Many published works related the identification and quantification of pharmaceutical compounds in surface water resources, like lakes and Rivers in many parts of the world [11] .
The liquid chromatography with tandem mass spectrometry (LC-MS/MS) is the most useful analytical technology tailored for water quality monitoring with the identification and quantification of pharmaceuticals and organic contaminants in low levels. The LC-MS/MS technique is highly sensitive. However, the sample preparation is very demanding for small concentration limits for quantification [12] .
In this context, the Project was the quantification of pharmaceutical compounds and illicit drugs in different water sampling sites of Guarapiranga basin. The mon- ging effects is presenting in Table 1 . Table 1 
where CiN = The normalized concentration of compound I of a given sampling site measurement; Hii = hazard index of compound i.
The HI is the calculation of large amounts of data and information for different compounds with Self-Organizing Maps (SOM) and an artificial neural network (ANN). The system prioritizes the chemical compounds with high environmental persistence, bioaccumulation and toxicity properties [13] .
The water samples were collected using a horizontal Van Dorn bottle and transferred to a 4 L amber glass bottle, previously cleaned and decontaminated.
The sample bottles were kept in coolers and transported with ice (±6˚C). In the laboratory, the samples were filtered with 1 μm glass fiber membrane followed by 0.45 μm nylon membrane and kept in the refrigerator. After filtration, the monitoring compounds were extracted, concentrated and purified within seven days.
The Guarapiranga water samples analysis and results are showing in Table 2 . for all compounds, CV% was in the range of 2% to 7%, recommended for trace analysis [14] . Therefore, the tailored analytical methodology SPE-LC-MS/MS is highly reliable for contaminated water samples mostly for such 7 selected pharmaceuticals compounds determination.
Results and Discussion
The application of SPE-LC-MS/MS a validated method to measure 7 pharmaceuticals compounds in Guarapiranga waters collected from 14 sampling sites, Table   2 . The compounds were determined in triplicate and accompanied by the expanded uncertainty calculated by EURACHEM Guidelines [15] with coverage factor (k = 2) and confidence level (90%).
The detection frequency was 100% for caffeine, followed by atenolol (98%), car- The G14 site was the nearest sampling site from water catchment. In spite of polluted G12 proximity, the G14 showed lower concentrations of acetaminophen, atenolol, benzoylecgonine, and caffeine (Table 2 ). There is some contamination effect, but the infrastructure improvements near G14 reduced such impact, the sewage collection pipes installation which provides the water flow 16.0 ± 0.9 22 ± 1 22 ± 1 189 ± 11 264 ± 36 11.6 ± 0.6 <MLQ Journal of Geoscience and Environment Protection increase, water clogging reduction and higher water column depth ( Figure 1 and Table 1 ).
The compounds concentrations in G14, near water catchment, were smaller than those measured in G12. However, it doesn't mean the complete absence of these compounds in drinking water (Table 2 ). According to the literature, the removal rate of pharmaceuticals by a conventional water treatment plant-WTP (clarification/filtration/chlorination) is somewhat not complete. In literature, the acetaminophen, caffeine and carbamazepine content reduction are usually about 98%, 88%, and 85%, respectively [11] .
Sewage and urban drainage are considered the source of anthropogenic contamination and the caffeine presence is their indication. The measured concentrations were in the range of 27 to 27,386 ng L −1 confirming the existence of raw sewage discharge. The caffeine contamination was detected globally, in Germany surface waters was measured 101 ng L −1 [8] and in Atibaia River was in the range of 6000 to 32,000 ng L −1 [16] .
Carbamazepine is the active medicine component and an anthropogenic marker due to its persistence, resistance to degradation and adsorption during sewage (Table 2) , equivalent with those found in the literature for River Leine in Germany of 265 ng L −1 [8] .
The Table 3 is a correlation table prepared [17] . In spite of such high concentrations, the sewage runoff has not any significant correlation with caffeine and chlorthalidone content. Cocaine drug causes a dysfunctional social order, and benzoylecgonine is its primary metabolite. In last decades, the cocaine consumption has been growing globally with significant socioeconomic consequences with the health assurance cost increasing and criminal incidences [18] [19] [20] . The detection of pharmaceuticals compounds, drugs residues, and their metabolites are considered environmental emerging pollutants in the aquatic environment [21] . The measurements for cocaine were in the range of 12.8 to 2650 ng L −1 . Such values were higher than those found in surface waters in China [22] , Spain [23] , England, Italy, Ireland [24] and the UK [21] , which was in the range of 0.13 to 530 ng L All campaigns of Guarapiranga waters collection shows different concentrations of acetaminophen, atenolol, caffeine, carbamazepine, chlorthalidone, cocaine and benzoylecgonine mostly observed in G12. The confirmation of the highly polluted Guavirutuba site due to its historical profile, as the first step of the urban pressure on 30 ties with inadequate sewage collection and the contribution of pollution intake [24] .
The presence of cocaine and its major metabolite benzoylecgonine in tree water sampling points of Guarapiranga basin was also recently related in literature; almost all measurements performed near urban areas shows values for benzoylecgonine and cocaine [25] . Such monitoring water content was considered a result of poor sanitation coverage and high consumption and abuse drugs in ur- The sampling site G05 near Jaceguay stream can be considered the most preserved area. The Table 2 
Conclusion
The project provides valuable pharmaceuticals contamination databank of Gua- luable to assist public policies responsible for potable water distribution, social vulnerability studies, the sewage collection system implementation and programs to restore and preserve the water quality of Guarapiranga dam. New standards and guidelines have also to be improved to reduce the maximum discharge limits of pharmaceuticals in drinking water and water catchment.
